Examination
of the relative frequency of occurrence of alternative synonymous codons for any one amino acid (codon usage) for proteins within and among species suggests that codon usage pattern is a significant component of both genomic expression and expression of individual genes. This generalization implies a functional role of codon usage and that synonymous substitution rates may differ between lineages as a consequence.
This could effect models constructed to estimate evolutionary rates, as well as inferences regarding phylogenetic reconstruction. Garabedian et al. 1987 Falkenthal et al. 1985 Snyder et al. 1982 Snyder et al. 1982 Shore and Guild 1986 Blumberg et al. 1987 Monson et al. 1982 Jowett 1985 Frequency ( 1988) , studying this problem in mammalian gene families, show that the transition differences for third-codon-position nucleotides between sequences of mammalian genes are not symmetric, but they make no direct conclusion regarding the importance to models designed to estimate substitution rates. We have noticed a shift in third-codon-position nucleotide frequency of Adh genes when species in the two subgenera Drosophila and Sophophora are compared. Table 1 lists the frequency of nucleotides at the third position for all codons (except stop codons) in Adh sequences of six Sophophora species and five Drosophila species. Third-position frequencies for duplicate Adh genes found in some species of the subgenus Drosophila are listed along with their pseudogenes which have been placed in a hypothetical reading frame. A standard error (derived from the binomial distribution and dependent on G+C%) of -2.8% can be used to compare the percentage of G+C in the third position. Comparisons were made with 2 X 4 contingency x2 statistics ( 3 df, P < 0.05 considered significant).
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The following several observations are of interest: ( 1) All of the Sophophora species genes differed significantly from those of Drosophila species except for the comparisons with Adh-2 of D. mulleri. (2) None of the genes for Sophophora species were different from one another in the pattern of third-codon-position use. (3) Duplicate genes within the same species show no significant differences. (4) The pseudogenes of D. mulleri and D. hydei differed significantly from their related duplicate genes. This was not true for the pseudogene of D. mojavensis when compared with either of its related duplicate genes. (5) Among the species in the subgenus Drosophila, third-position usage for Adh of D. afinidisjuncta differed from both that of D. mulleri genes and that of Adh-l of Drosophila species "N"; otherwise, the subgenus Drosophila species genes (except the pseudogenes) were not significantly different from one another.
We also compiled third-position nucleotide frequencies for a set of 30 D. melanogaster genes (table 2). Figure 1 shows the distribution of third-position base frequencies over intervals of 5% and illustrates the relative position of Sophophora and Drosophila species in the context of the D. melanogaster genome. Unfortunately, comparable data are not available for species in the subgenus Drosophila. Thus the shift in codon usage for Adh could be a genomic shift as noted for other taxonomic groups, or it could be particular to Adh. However, recent data on the nucleotide sequence of Gapdh (Glyceraldehyde-3-phosphate dehydrogenase) in D. hydei reveals percentages of third-codon-position bases of A = 5.7%, T = 22.6%, G = 25.6%, and C = 46.1% ( Wojtas et al., submitted) .
Codon usage of Gapdh in D. melanogaster is comparable (table 2) and suggests that the change in codon usage for Adh in the two subgenera may be specific for Adh. The reason for the shift in codon usage in Adh is unknown.
It is known that codon usage is correlated with abundance of gene product in Escherichia coli (see Grantham et al. 198 1; Gouy and Gautier 1982; Grosjean and Fiers 1982 ) and Saccharomyces cerevisiae (see Bennetzen and Hall 1982 ) . Data on the specific activity of alcohol dehydrogenase (ADH) in larvae and adults are available, from one source (Batterham et al. 1984 nogaster and D. simulans (which have virtually identical codon usage patterns) reveals that D. melanogaster has high levels while D. simulans has low levels (Dickinson et al. 1984) . More information on all the species in table 1 would help resolve this question.
Most of the shift in codon usage (in comparing subgenera) would have taken place before the gene duplication event known in the repleta group which originated in North America 20-30 million years ago (Mya) (Throckmorton 1982; Batterham et al. 1984) and after the divergence of the two subgenera 50-80 Mya (Throckmorton 1975) , if it is assumed that there was little parallel evolution of codon usage in the mulleri subgroup. Drosophila afinidisjuncta is not in the repleta group and represents a different lineage of the subgenus Drosophila. The divergence of the third-position base use in this species also is of greater extent. The average change in G+C% for species of the two subgenera is 11.8%. This is comparable in magnitude to the 11 .O% average absolute change in G+C% for 29 mammalian genes (most of which were comparisons between primate and rodent genes) (Mouchiroud and Gautier 1988) . As the divergences of these mammalian genes are approximately coincident with the origin of mammalian orders at the beginning of the Cenozoic era (60-70 Mya), the shift observed for Adh third-codon-position nucleotides for Drosophila subgenera is similar to that known for the average mammalian gene comparison. This is remarkable in view of the difference in taxonomic categories under comparison (i.e., orders vs. subgenera).
